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Abstract. Several pre-germination treatments were given to Cyclamen 
persicum Mill. seed with the objective of improving germination percentage, 
speed, and uniformity. Soaking seed in water and in gibberellic acid im-
proved germination speed, but the latter reduced survival. Etridiozole, ben-
omyl, thiram, and sodium hypochlorite treatments did not reduce or delay 
germination as has been reported elsewhere, but gave no consistent advan-
tage. 
INTRODUCTION 
Improvements in germination of C. persicum seed have 
been achieved through sodium and calcium hypochlorite sur-
face disinfection treatments (1,8) but optimum germination has 
not been attained on a routine basis (12). C. persicum seeds 
show variability in uniformity, speed, and germination per-
centage, and are highly sensitive to environmental and patho-
genic factors. 
In 1977, 1.13 to 2.75 cents (NZ) were paid per cyclamen 
seed. Low and irregular germination of this expensive seed 
contributes to already high production costs particularly with 
increasing use of the more highly priced Fl , hybrid seed. 
Germination of freshly harvested cyclamen seed tends to 
be slow and irregular (6,9), therefore, the following series of 
experiments used aged seeds. Heydeker (4) states that the 
ideal assessment of germination is taken when a viable, self-
supporting photosynthesising plant has been produced. To 
avoid discrepancies between results, seedlings must be grown 
1 Present address: Brewster's Hire Plants, P.O. Box 11 068, Ellerslie, Auck-
land 5, New Zealand. 
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sufficiently large that defects can be seen and borderline cases 
included (or excluded) consistently. The experiments reported 
here were designed to examine the influence of a range of pre-
sowing treatments and chemicals on germination speed and 
percentage. 
MA TERIALS AND METHODS 
Four experiments were carried out to study the influence 
of pre-sowing treatments on the germination of Cyclamen per-
sicum seed. 
Experiment A - Water soak treatments. 
Cyclamen seed of the cultivars, 'Rose of Aalsmeer', 'Early 
Deep Scarlet', 'Fringed Mont Blanc', 'Mont Blanc' (plan white), 
and 'Perle of Zehlendorf' were given surface disinfection in 
5% sodium hypochlorite solution for one minute. The seeds' 
were rinsed and soaked in sterile distilled water for 0, 1, 12, or 
48 hours. Forty seeds of each cultivar were blocked according 
to cultivar, each with five randomised blocks. 
On 31 March, 1977, seed was sown into trays of Springhill 
sphagnum peat containing 37 g a.i.m.-3 etradiazole fungicide 
(Terrazole 50% wettable powder). The trays were placed in a 
germination cabinet in the dark at 15°C, and watered as re-
quired. After one month, the trays were removed to a glass-
house and the emerging seedlings watered fortnightly with a 
balanced liquid fertiliser. A drench of benomyl was applied at 
this stage. 
Experiment B - Water soak and fungicide treatments. 
Seeds in this and subsequent experiments had been stored 
for 18 months to eliminate the post-harvest delay. Massante 
(1963) has shown that cyclamen seed can be stored for long 
periods without loss of germination potential. Seed of 'Aals-
meer Giants' and 'Foremost Mixture' (Colegraves' Seeds, Eng-
land), was pretreated or sown with a treatment solution or 
suspension as specified in Table 2. Seeds were sown on 3 
November, 1978 in sterile petri dishes on germination paper 
which had been soaked in 10ml of sterile distilled water or a 
treatment solution/suspension. The dishes were placed in the 
dark at a mean temperature of 19.4°C with a maximum of 23°C 
and a minimum of 12°C. Distilled water was added in 5 ml 
aliquots as required. 
Experiments C and D - Gibberellin, fungicide, and water 
treatments. 
The effect of gibberellic acid (GA3)' thiram, benomyl, etra-
diazole, and hot water treatments on germination of C. persi-
cum seed were studied. 
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Two experiments were intended to further investigate the 
preliminary results from Experiment B. Seed of cyclamen cul-
tivars, 'Early Pink', 'Perle von Zehlendorf', 'Mont Blanc', (plain 
white), 'Rose von Aalsmeer', 'Early Pure White', 'Early Flower-
ing Deep Scarlet' (Arthur Yates, NZ), were surface disinfected 
in sodium hypochlorite (see Expt. A) and, after treatment as 
detailed in Table 3 and 4, were germinated in conditions de-
scribed for Experiment B. The experiment was, therefore, a 
randomised block experiment of six replicates. 
ASSESSMENT AND ANALYSIS OF DATA 
In Experiment A germination was recorded when the 
seedlings emerged from the medium. In Experiments B, C, and 
D, see.dling emergence was recorded, but germination was not 
regarded as complete and successful until a clearly defined 
corm and root system had formed and the first leaf was ex-
tending. The variation in morphological development creates a 
major source of error in the timing of this stage. Uniformity of 
germination was measured as the days between germination of 
the first and last seeds. Duncan's new multiple range test was 
used to compare all treatments. 
Fungal colonies from the seed plates were grown on potato 
destrose agar and exmined for pathogens. 
RESULTS 
Experiment A. Overall germination was poor and treat-
ments showed no significant influence on percentage germina-
tion (Table 1). Speed of germination was improved according 
to the length of imbibition treatment. A 48 hour water soak 
reduced mean germination by 12 days. 
Table 1. Experiment A: The effect of pre-sowing water imbibition treat-
ments on germination of C. persicum seed. 
Mean Mean 
Treatment percent days to 
germination emergency 
Control 25 a 51 a 
1 hour imbibition 23 a 49 b 
12 hours imbibition 26 a 44 c 
48 hours imbitition 29 a 39 d 
CV percent 15.6 4.33 
Any means not followed by the same letter are significantly different at the 
5% level according to Duncan's new multiple range test. 
Experiment B. Although a high degree of significance was 
not achieved in this preliminary trial the results (Table 2) 
suggested the following: 
(i). Although a faster rate of germination occurred as a 
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result of higher levels of GA3 treatments, such treatments 
tended to reduce germination percentage while occasionally 
infl uencing uniformity. 
(ii). The fungicidal treatments improved germination per-
centage, but here etradiazole and thiram showed a slight ten-
dency to slow germination. 
(iii). Hot water reduced germination percentage. 
Table 2. Experiment B: Influence of different treatments on germination of 
cyclamen seed. 
Mean Means Mean 
percent days to uniformity 
Treatment germination germinate (days) 
Untreated 52 abcd 40.3 b 38.5 abc 
Water soak, 1 min 55 abede '41.0 be 46.0 be 
SD (Control) 41 abed 47.0 de 44.6 abe 
SD 2hr water soak 48 abede 40.4 be 27.5 abe 
SD GA3, 1 ppm2 30 a 40.4 b 12.0 a 
SD 2hr soak, 1 ppm GA3 40 abed 46.9 de 33.0 abe 
SD 2hr soak, 10 ppm GA3 43 abede 40.8 b 22.0 abe 
SD 2hr soak, 50 ppm GA3 31 ab 39.9 b 47.5 be 
SD 2hr soak, 100 ppm GA3 32 abe 34.6 a 35.0 abe 
Hot (60"C) water, 5 min soak 32 abe 41.6 be 47.5 be 
0.01 % a.i. benomyl 
pretreatment 52 abede 43.8 bede 33.5 abe 
SD 0.01 % a.i. benomyl 
pretreatment 58 de 43.4 bede 38.0 abe 
1.0% a.i. benomyl 
pretreatment 60 de 43.1 bed 36.0 abe 
SD 0.005% a.i. etradiazole1 61 de 41.4 be 30.8 abe 
0.005% a.i. etradizole1 44 abede 40.4 b 17.0 ab 
0.05% a.i. etradiazole1 57 bede 45.4 bede 46.9 be 
0.5% a.i. etradiazole1 56 bcde 48.0 e 41.0 abe 
Benomyl and etradiazole2 60 de 40.6 b 40.5 abe 
0.1 % a.i. thiram pretreatment 59 de 41.6 be 51.0 e 
SD 0.1 % a.i. thiram 
pretreatment 67 e 43.8 bede 47.5 be 
0.5% a.i. thiram pretreatment 59 de 46.3 ede 35.5 abe 
1.0% a.i. thiram pretreatment 58 de 44.3 bede 35.0 abe 
CV% 24.5 38.6 
1 Supplied as suspension or solution in the water in whieh the germination 
pad was soaked. 
20.1 % Benlate pretreatment and 10 ppm 0.005% etradia'zole1 . 
SD = surfaee disinfeeted for one minute in 5% sodium hypoehlorite solu-
tion. 
Experiment C. Gibberellic acid treatments gave up to eight 
days' improvement in germination time (Table 3), but the lev-
els which gave these improvements resulted in 15% reduction 
in germination. Pre-soak GA3 treatments showed greater im-
provements in germination speed than where the solution was 
included in the germination solution. No significant changes in 
uniformity of germination occurred. 
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Table 3. Experiment C: The effect of gibberellic acid on germination of 
cyclamen seed. 
Mean Means Mean 
percent days to uniformity 
Treatment germination germinate (days) 
Control 64.8 b 39.9 a 32.3 a 
0.1 ppm GA31 76.7 a 39.1 a 27.2 a 
1.0 ppm GA31 56.7 bc 39.0 a 25.7 a 
10 ppm GA31 41.8 d 35.9 ab 28.2 a 
1 ppm GA3 pretreatment2 56.5 bc 33.7 b 13.2 a 
10 ppm GA3 pretreatment2 48.8 cd 27.9 c 36.3 a 
100 ppm GA3 pretreatment2 49.0 cd 32.2 b 21.5 a 
CV% 15.4 10.2 61.7 
1 Supplied with the solution in which the germination pad was soaked 
(10ml). 
2 Pretreatment here means a two-hour soak. 
Treatments not followed by a common letter are significantly different 
at the 5% level according to Duncan's new multiple range test. 
Experiment D. Overall no significant differences occurred 
among treatments in germination percentage. Because the con-
trols of two cultivars showed an average of 92.5% germination, 
they were excluded from a repeat analysis of variance which 
showed a significant germination improvement as a result of 
0.05% a.i. etradiazole treatment and 0.1% a.i. benamyl pre-
treatment (Table 4). 
A 1.0% a.i. benomyl pretreatment significantly improved 
speed of germination. No differences in uniformity were sig-
nificant. 
It was not possible to determine causes of failure. Identi-
fied fungi growing on the seeds and those isolated were all 
common saprophytes. 
Table 4. Experiment D: Effects of various fungal protection treatments on 
germination of cyclamen seed. 
Treatment 
Hot (60'C) water, 5 min soak 
Control 
0.1 % a.i. thiram 
pretreatment 
1.0% a.i. thiram 
pretreatment 
0.05% a.i. etradiazole2 
0.5% a.i. etradiazole2 
0.1 % a.i. benomyl 
pretreatment 
1.0% a.i. benomyl 
pretreatment 
C.V.% 
Mean 
percent Mean 
Germination Germination 1 
56.2 a 24 a 
57.3 a 40.7 b 
68.0 a 44.3 bd 
66.7 a 48.7 bde 
79.0 a 63.3 e 
70.8 a 41.7 b 
75.3 a 57.3 de 
71.3 a 45.7 bd 
15.4 24.7 
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Mean Mean 
days to Uniformity 
Germinate (days) 
43.7 a 26.5 a 
40.5 ab 32.3 a 
43.1 a 39.5 a 
41.9 a 20.4 a 
40.2 ab 20.2 a 
37.0 b 27.3 a 
37.9 b 15.8 a 
31.0 x 18.2 a 
7.57 54.6 
1 Cultivars: Plain White, Early Flowering Deep Scarlet, and Plain Rose Vaals-
meer only. Those means not followed by a common letter are significantly 
different according to Duncan's new multiple range test at the 5% level. 
2 Supplied in the solution in which the germination pod was soaked. Pretreat-
ment here means a 1 minute dip. 
DISCUSSION 
Imbibition treatments improved speed of germination 
without improving germination strike (Table 1). Anderson and 
Widmer (1) found that imbibition was complete within 12 
hours but that, here also, germination improved further on 
soaking for longer than 12 hours. Anderson and Widmer (1) 
and Hakozaki (3) found improvements in germination percent-
age as well as speed as a result of water soak treatments, but 
their method of data collection at fixed dates could have re-
sulted in misinterpretation of late germination as a failure. 
Because seed populations vary continuously, it is not possible 
to draw conclusions about a successful population from the 
size of the unsuccessful one (5). The high proportion of fail-
ures tends to indicate that the number of failures could have 
been higher. 
Poor germination levels in Experiment A can be attributed 
to erratic temperature control by the germination cabinet. Ger-
mination of C. persicum seed is inhibited at temperatures over 
20°C (5,7). 
Although gibberellin treatments improved speed of germi-
nation in both Experiments Band C (Table 2 and 3), strike was 
reduced. Our results are similar to those reported by Anderson 
and Widmer (1). This treatment does not influence a known 
dormancy condition; the delay in germination of recently har-
vested seed reported by Sumitomo and Kosugi (9), and Katsuki 
and Okazaki (6) should not have influenced germination of 
these aged seed. It can be concluded therefore that the effect 
was a result of typical gibberellin cell division and elongation 
effects. See Wareing and Philips (11). Anderson and Widmer 
(1) found thiram, truban, capt an and benomyl all tend to in-
hibit seed germination. Valaskova (10) found that cyclamen 
seed germination was sensitive to a wide range of soil disinfec-
tion treatments. Grundler (2) also found poor emergence fol-
lowing thiram treatment, but improvements with phenyl mer-
cury acetate treatment. 
It is notable that the strongest advantage in percent germi-
nation occurred at the lower concentrations of fungicides used 
in both Experiments Band D (Tables 2 and 4). This suggests 
that high levels of benomyl, thiram, and etradiazole may be 
phytotoxic and that the poor results of others may be due to 
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excessive concentration of fungicide. An apparent delay in 
germination as a result of etradiazole treatment observed in 
Experiment B (Table 2) was not confirmed by Experiment D 
(Table 4). The advantage conferred by fungicidal treatments 
will probably vary according to the microflora present. 
Further work may be necessary to determine the most 
suitable levels of these fungicides, but it seems reasonable to 
recommend their continued use at low levels as a precaution-
ary measure. 
Hypochlorite surface disinfection was used as a general 
precautionary measure in Experiments A, C, and D. This prac-
tice has been recommended by Neuray (8) and Anderson and 
Widmer (1), but Experiment B (Table 2) suggests that a more 
detailed investigation might show significant reductions and 
delay in germination. Neuray (8) reported a delay in germina-
tion as a result of this treatment. 
PRACTICAL CONSIDERATIONS 
The germination experiments did not succeed in demon-
strating a consistent means of gaining optimum cyclamen seed 
germination. Gibberellin treatments did increase speed of ger-
mination, but associated decreases in germination percentages 
make this treatment unacceptable. Soaking seed in still or 
flowing water for 48 hours prior to sowing improved germina-
tion speed without decreasing germination percentage. 
Drenches of 10 ppm Terrazole (etradiazole, 50% a.i.) to the 
seed medium and/or seed dip in 1 g 1-1 Benlate (benomyl 50% 
a.i.) is recommended as a precaution against pathogenesis. 
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